INTRODUCTION
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how, Glu transporter expression is altered in response to growth is necessary to design diets that match Glu transport capacity to metabolic demand.
Two high-affinity (μM), concentrative Glu transporters (GLT-1 and EAAC1) that demonstrate system X − AG activity (Na + -dependent L-Glu and L-Asp uptake that is inhibited by D-Asp) are expressed by intestinal epithelia, liver, and kidney of sheep (Howell et al., 2001 (Howell et al., , 2003 Xue et al., 2009 ) and cattle (Howell et al., 2001; Miles et al., 2015) . Because of their importance to hepatic Gln cycle, the dual expression of EAAC1 and GLT-1 with glutamine synthetase (GS) by liver tissue in response to various physiological challenges has been studied in sheep (Xue et al., 2009 ) and cattle (Brown et al., 2009; Miles et al., 2015) . However, knowledge about the expression of these proteins in skeletal muscle and adipose tissues is limited, despite evidence of the metabolic importance of their joint function to wholebody N metabolism (Kowalski and Watford, 1994; Patterson et al., 2002; Vesali et al., 2002) . Accordingly, the first objective of this study was to determine whether production stage (suckling, weanling, growing, finishing) of Angus steers affected the expression pattern and relative content of system X − AG transporters and GS in longissimus dorsi (LM) and adipose (kidney [KF] , and subcutaneous/12th-13th rib [SF]) tissues. The second objective was to extend these findings by establishing the relative content of these proteins among 5 adipose tissues (KF, SF, mesenchyme [MF] , omentum [OM] , intramuscular [IF] ) of finishing steers.
MATERIALS AND METHODS

Animal Model
All procedures involving animals were approved by the University of Kentucky Institutional Animal Care and Use Committee. Details about the animal management regimen (including vaccines, diet composition), birth and slaughter BW, and ADG of these steers that yielded the tissues of the present experiment have been reported (Liao et al., 2008) . However, briefly, 24 purebred Angus cow/bull-calf pairs were obtained from the University of Kentucky Agricultural Research Center Beef Unit (UKARC). Within 12 to 24 h after birthing, calves were weighed and castrated. All cow/steer pairs were maintained at the UKARC on 50%/25%/25% orchardgrass/endophyte-free fescue/clover pasture with ad libitum access to pasture and water. Calves had unrestricted access to their dams and cow/steer pairs were observed daily for any signs of sickness.
After all calves were born, steers were randomly assigned to 1 of 4 treatment groups (n = 6). The birth BW did not differ among treatment groups (37.4 ± 1.9 kg; Liao et al., 2008) . Treatments were suckling (32 ± 1 d of age; suckling/grazing), weanling (184 ± 1 d of age; grazing/suckling), backgrounding (248 ± 2 d of age; corn silage diet), or finishing (423 ± 3 d of age; high concentrate corn diet). Throughout the trial, all animals had ad libitum access to water. Suckling and weanling calves remained with their dams until slaughter (at 32 and 184 d of age, respectively), whereas backgrounding and finishing treatment calves were weaned at 180 ± 5 d of age. All dams, once calves were removed or weaned, were returned to the UKARC herd. The backgrounding and finishing treatment steers were weaned as a group on a concrete pad (drylot) and fed a high-stress adaptation diet (Liao et al., 2008) for 7 d. These steers were then moved to individual 3 × 3.7 m pens of an environmentally controlled room (70°C) with 16-h light: 8-h dark photo cycles. For the first 30 d, steers were fed enough of a fescue hay/soyhull diet (Liao et al., 2008) to maintain weight and allow animals to adapt to the individual pens. After the adjustment period, steers of both treatment groups were fed enough of a corn silage-based diet (backgrounding diet; Liao et al., 2008) to gain 1 kg of BW per day (NRC, 2000) . Backgrounding steers were then slaughtered after 29 d on feed, whereas finishing treatment steers were moved to the UKARC Small Pen Facility and housed as 2 groups of 3 steers in open-air, 8 × 30 m pens. Steers were fed enough of a high concentrate corn diet (finishing diet; Liao et al., 2008) to gain 1 kg/d for 175 ± 5 d. Fourteen days before the scheduled day of slaughter, finishing treatment steers were individually housed and fed in pens to facilitate determination of individual steer feed intake and gain.
As expected, slaughter BW differed and were 72.9, 251, 288, and 504 ± 9.2 kg for suckling, weanling, growing, and finishing steers, respectively (Liao et al., 2008) . The birth to slaughter ADG among treatment groups did not differ and were 1.1, 1.2, 1.0, and 1.1, respectively, and the ADG during the last period before slaughter (14 d for suckling and 21 d for all other treatment groups) was 1.1, 1.2, 1.0, and 1.2 kg and did not differ (Liao et al., 2008) .
Slaughter, Tissue Collection, and Carcass Evaluation
Suckling treatment animals were anesthetized by intrajugular administration of pentobarbital (80 mg/kg BW) and then exsanguinated during tissue removal. All other treatment steers were stunned by a captive bolt pistol and exsanguinated to allow recovery of carcass for consumption. Before evisceration, OF samples were taken. After evisceration, representative samples from KF (left side) and MF (adjacent to duodenum) were taken from weanling, backgrounding, and finishing treatment groups. In addition, OF, MF, and IF samples were taken from finishing steers after removal of the hide. Specifically, after the HCW was recorded, LM (between the 12th and 13th rib, care taken to avoid IF), SF (juxtaposition to the LM sample), and IF (dissected from LM) tissues were taken from the left side of the carcass. Kidney adipose and SF were taken from all steers, except for suckling steers (inconsistent to nonexistent levels of adipose), whereas LM was collected from all steers. In addition, OF, MF, and IF were taken from finishing steers. All tissues were placed in foil packs, snap-frozen in liquid nitrogen, and stored at −80°C.
After 24 h postmortem, carcass evaluations of weanling, growing, and finishing steers were conducted on the right side of the carcass according to USDA standards (USDA, 1997).
Immunoblot Analysis
In general, tissues were processed for immunoblot analysis of protein content as previously described by this research group (Howell et al., 2001 , Miles et al., 2015 . Specifically, 1 g representative samples of LM, or 2 g of adipose tissue, were homogenized on ice for 30 s (setting 11, POLYTRON, Model PT10/35; Kinematic, Inc., Neuchâtel, Switzerland) in 7.5 mL of 4°C sample extraction buffer solution (0.25 mM sucrose, 10 mM HEPES-KOH pH 7.5, 1 mM EDTA, and 50 μL of protease inhibitor; Sigma, St. Louis, MO). Protein was quantified by a modified Lowry assay, using bovine serum albumin as a standard (Kilberg, 1989) . Proteins were separated by 7.5% SDS-PAGE, followed by electrotransfer to a 0.45 µm nitrocellulose membrane (Bio-Rad, Hercules, CA). Blots were stained with Fast-Green (Fisher, Pittsburgh, PA) and the relative amount of stained protein per lane/sample determined by densitometric analyses and recorded as arbitrary units (Howell et al., 2003; Miles et al., 2015) .
System X AG − transporters EAAT4 and GLAST1 were not detected (data not shown) in adipose or LM tissues by immunoblot analysis using the methods of Howell et al. (2001) . The relative protein content of EAAC1 and GLT-1 in homogenates was evaluated by immunoblot analyses as described (Brown et al., 2009; Miles et al., 2015) . Briefly, EAAC1 was detected by hybridizing blots with 43 ng IgG/mL of EAAC1 polyclonal antibody (Matthews et al., 1998) in blocking solution (1% nonfat dry milk and 2% casein hydrolysate in 10 mM Tris-Cl, pH 7.5, 300 mM NaCl) for 2 h at room temperature with agitation. Detection of GLT-1 was achieved by hybridization with 68 ng IgG/mL of anti-GLT-1 polyclonal antibody (Matthews et al., 1998) in blocking solution (1% non-fat dry milk in 10 mM Tris-Cl, pH 7.5, 200 mM NaCl) for 1.5 h at room temperature with agitation. The relative content of GS in tissue homogenates was evaluated by hybridization with 1.25 μg IgG anti-sheep GS polyclonal antibody (BD Biosciences, San Jose, CA) per mL of blocking solution (5% non-fat dry milk in 10 mM Tris-Cl, pH 7.5, 100 mM NaCl) for 1 h at room temperature with agitation (Brown et al., 2009 ).
Primary antibody:antigen complexes were visualized using a chemiluminescence kit (Pierce, Rockford, IL) after hybridization with secondary antibodies. Horseradish peroxidase-conjugated donkey antirabbit IgG (1:5,000; Amersham, Arlington Heights, IL) was used to detect anti-EAAC1 and anti-GLT-1, whereas horseradish peroxidase-conjugated goat antimouse IgG (1:5,000; BD Bioscience) was used to detect anti-GS antibodies. After exposure to autoradiographic film (Amersham, Arlington Heights, IL), a digital image of the radiographic bands was recorded and quantified as described (Swanson et al., 2000) . Apparent migration weights (M r ) were calculated by regression of the distance migrated against the M r of a 16 to 185 kDa standard (Gibco BRL, Grand Island, NY) using the Versadoc imaging system (BioRad) and Quantity One software (BioRad). Band intensities of all observed immunoreactive species (1 GLT-1, 2 for EAAC1, 1 for GS) within a sample were quantified by densitometry (as described above for Fast-Green stained proteins) and reported as arbitrary units. Densitometric data then were corrected for unequal (≤ 12%) loading, transfer, or both, and amount of detected protein normalized to relative amounts of Fast-Green-stained proteins common to all immunoblot lanes/samples (Miles et al., 2015) . Digital images were prepared using PowerPoint software (PowerPoint 2003; Microsoft, Bellvue, MA).
Detection of EAAC1, GLT-1, and GS mRNA Expression by RT-PCR/Southern Blot Analysis
To reverse transcribe RNA, 1 g of longissimus dorsi muscle, or 2 g of adipose tissue, was homogenized in 5 mL of TRIZOL (Invitrogen, Carlsbad, CA), RNA extracted, RNA quality determined (260/280 absorbance >1.7), RNA reverse-transcribed (RT), and PCR amplification of EAAC1 and GLT-1 cDNA performed as described (Fan et al., 2004) . For GS, 25 cycles of 94°C for 30 s, 50°C for 30 s, and 68°C for 1 min with a final extension of 68°C for 7 min were performed, following the same general regimen. All PCR amplification regimens were preceded by a 5 (EAAC1, GS) or 10 (GLT-1) min denaturing (94°C) period of the RT product (cDNA) in the presence of 2 mM MgCl 2 .
Southern blot analyses of EAAC1 and GLT-1 cDNA was performed as described (Fan et al., 2004) . This same regimen was used to detect bovine GS cDNA except that the nested oligonucleotide probe was 5'-CCG-GCAGAGAAGTCGTTGATGTTGGAG-3' (GenBank accession No. AY186585). All Southern blotting was performed using a 2-h prehybridization period, followed by a 4-h hybridization period with the appropriate [ 32 P]-labeled oligonucleotide at 50°C in hybridization buffer. All blots were serially washed at 50°C for 2 min in 5X, 2.5X, and then 1X SSC solution (0.75 M NaCl:0.075 M sodium citrate, pH 7.0). In addition, EAAC1 blots were washed one time in 0.1X SSC. After an appropriate exposure period of the membrane to autoradiographic film (Amersham), digital images of were recorded and prepared as described for immunoblots.
Generation of Partial-Length Bovine Glutamine Synthetase cDNA
As noted above, validation of the EAAC1 and GLT-1 PCR products has been reported (Howell et al., 2001; Fan et al., 2004) . For GS, the RT-PCR product was cloned into the EcoRI multiple cloning site of pCRII (Invitrogen) plasmid vector, as per instructions of the manufacturer. The identity of the resulting cDNA was determined by dideoxy-mediated chain termination sequencing by the University of Florida DNA Sequencing Laboratory (Gainesville, FL). Sequence alignments and comparisons to other GenBank entries were performed using BLAST 2.0 software (blast@ncbi.nlm.nih.gov).
Statistical Analysis
Data were analyzed as a completely randomized design by ANOVA using the GLM procedures of SAS (SAS Inst. Inc., Cary, NC). All data were analyzed in a 1-way ANOVA model using production stage (suckling, weanling, growing, finishing) or tissue (KF, SF, OF, MF, IF) as the treatment. Treatment differences were considered significant at the α = 0.05 level, unless indicated otherwise, and Fisher's protected LSD procedure was used to separate the means (P ≤ 0.05) when appropriate. Unequal experimental observations resulted from loss of sample integrity during collection or storage.
RESULTS
Carcass Characteristics of Developing Steers
To provide a more complete physiological context in which to interpret the putative expression of system X − AG transporters by LM and various adipose tissues (see below), carcass characteristics among the weanling, backgrounding, and/or finishing treatment group steers were compared (Table 1) . Production stage affected (P < 0.01) all carcass characteristics. Finishing steer carcasses were 85% heavier (P < 0.05) than backgrounding steers and 120% heavier than weanling steers. The 12th rib adipose was greatest (P < 0.05) for the finishing steers, being 282% greater than backgrounding steers and 237% greater than weanling steers. The ribeye area (cm 2 ) was greatest (P < 0.05) for the finishing steers, being 29% greater than backgrounding steers and 39% greater than weanling steers. Yield grade was greatest (P < 0.05) for finishing steers, being 77% greater than backgrounding steers and 82% greater than weanling steers. Percent yield grade was highest (P < 0.05) for finishing steers, being 42% higher than backgrounding and 44% higher than weanling steers.
Expression of System X AG
−
Transporters and GS mRNA and Protein in SF, KF, and LM in Developing Steers
EAAC1, GLT-1, and GS mRNA were detected in SF, KF, and LM at each production stage (Fig. 1) . The expression of EAAC1 (M r = 69 to 71 for the middle band and 88 to 91 for the high band), GLT-1 (M r = 69 to 71), and GS (M r = 43 to 46) protein was evaluated in weanling, backgrounding, and finishing (but not suckling) steers in SF and KF tissues (Fig. 2) . EAAC1 and GS protein were detected in both tissues and each development phase. In contrast, GLT-1 was not detect- ed in SF and KF. For LM, EAAC1 and GLT-1 were detected in LM tissue, whereas GS was not (Fig. 2) .
EAAC1 Content in SK and KF Increases from Suckling to Backgrounding and Then Stabilizes
The relative content of EAAC1 changed (P ≤ 0.06) in KF and SF as steers developed, with the content of EAAC1 in backgrounding and finishing steers in SF being 156% and 134% greater (P < 0.04), respectively, than in weanling steers (Table 2) . Similarly, KF content of EAAC1 was 225% and 160% more (P = 0.04) in backgrounding and finishing steers than for weanling steers. Thus, the pattern of EAAC1 expression was similar in both SF and KF with EAAC1 increasing from weanling to backgrounding and then stabilizing between backgrounding and finishing phases.
The Relative Content of GS in SF and KF Is Greater in Backgrounding than Finishing Stage Steers but Does Not Differ from Weanling
Glutamine synthetase content in SF and KF also changed (P ≤ 0.07) as steers matured (Table 2) , but in a different pattern than found for EAAC1. That is, GS content in SF and KF of backgrounding steers was 418% (P < 0.10) and 974% (P < 0.07) greater in backgrounding than finishing steers.
The Relative Content of EAAC1 and GLT-1 in LM Decreases from Suckling to Backgrounding and Then Stabilizes
The relative content of both EAAC1 and GLT-1 in LM changed (P ≤ 0.04) with development (Table 2) .
EAAC1 content in LM of suckling steers was 44%, 178%, and 141% greater (P < 0.04), respectively, than in weanling, backgrounding, and finishing steers. GLT-1 content in LM of suckling steers did not differ (P = 0.12) from that in weanling steers but was 350% and 367% greater (P < 0.04) than for backgrounding and finishing steers, respectively.
Expression of EAAC1, GLT-1, and GS mRNA by Adipose Tissues of Finishing Steers
The carcass parameters (Table 1 ) of finishing steers indicated that they had accreted more adipose tissue than other development phenotypes. In keeping with this, finishing steers contained enough OF, MF, and IF to evaluate the expression of system X AG − transporters and GS. Therefore, the presence or absence of X AG − transporters and GS mRNA expression in adipose tissues of finishing steers was determined by RT-PCR/Southern blot analysis. GLAST1 and EAAT4 mRNA were not detected in SF, KF, OF, OM, or IF (data not shown). In contrast, mRNA for EAAC1 and GLT-1 was detected in all 5 adipose tissues, whereas GS mRNA was detected in SF, KF, OF, and MF tissues, but not in IF (Fig. 3) . 1 Values (arbitrary densitometric units) are means (n = 5 to 6) and pooled SEM of relative EAAC1, GLT-1, and GS content in SF, KF, and LM homogenates prepared from suckling (32 ± 1 d) weanling (184 ± 1 d), backgrounding (248 ± 2 d), and finishing (423 ± 3 d) Angus steers. Densitometric quantification was of immunoreactive species identified by immunoblot analyses (Fig. 2) .
2 Most conservative error of the mean.
3 Means within a row that lack a common letter ( a-c ) differ (P < 0.04). 4 Means within a row that lack a common letter ( a,b ) differ (P < 0.10).
5 Means within a row that lack a common letter ( a,b ) differ (P < 0.07).
6 NE, not evaluated; samples were not collected.
7 ND, not detected; samples were analyzed.
8 NA, not applicable. Note that KF and SF tissues were not collected from suckling steers; GLT-1 expression by KF and SF tissues of W, B, and F steers was evaluated but not detected; and GS expression was not detected in LM tissue. Data are representative of 5 to 6 steers per treatment (as described in Table 2 ). Apparent migration weights (kDa) for proteins were: EAAC1, 69 to 71 kDa for the middle band and 88 to 91 kDa for the high band; GLT-1, 73.8 to 76; GS, 43 to 46 kDa. Across all experiments, the range of Fast-Green normalization was ≤ 12%.
EAAC1 Protein Content Differs among Adipose Tissues of Finishing Steers
GLAST1 and EAAT4 were not detected in KF, SF, OF, MF, or IF (data not shown) of finishing steers. As found for SF and KF tissues (Fig. 2) , GLT-1 protein also was not detected in OF, MF, or IF (data not shown). In contrast, EAAC1 was expressed by all 5 adipose tissues of finishing steers (Fig. 4) and the relative content differed (P < 0.01; Table 3 ). The EAAC1 content in IF was 104% and 112% greater (P < 0.01) than in KF or SF, respectively, and did not differ (P > 0.45) from OF or MF.
Despite efforts to avoid contamination of IF homogenate preparations with LM tissue, IF homogenates of IF may have contained LM-expressed EAAC1. To evaluate this possibility, the relative contents of EAAC1 in IF and LM homogenates were directly compared (Fig. 5) . If EAAC1 content in LM was higher than in IF, then the measured content of EAAC1 in IF may be falsely high. However, no difference (P > 0.45) was found (Table 3) . Therefore, to the extent that IF homogenates contained LM tissue, the amount present would not affect interpretation of IF data.
DISCUSSION
Target Steer Phenotypes Were Achieved
Understanding if and how system X − AG transporters and GS are coordinately expressed could yield important insight into the importance of Glu use and metabolism as production animals grow, especially as they transition from predominantly low to high lipid accretion phases. Accordingly, the first objective of this study was to determine whether the relative content of system X − AG transporters and GS in LM and various adipose tissues changed as steers developed from suckling through finishing stages, using a commercially relevant development regimen. To obviate potential changes in Glu transporter expression as a result of ruminants growing at different rates (Howell et al., 2003) , diets for the backgrounding and finishing treatment groups were formulated to support the same average rate of growth displayed by suckling and weanling groups. The use of these diets to maintain a constant rate of growth (ADG = 1.0 to 1.2 kg/d) that did not differ (Liao et al., 2008) among the development stages was successful. However, lipid accretion clearly differed among development stages. That is, the transition from very lean suckling, to transitioning but still predominantly lean weanling and backgrounding phenotypes, to predominantly lipid phenotype of finishing steers was demonstrated by essentially nonexistent KF and SF in suckling steers and very little OM, MF, or IF in weanling and backgrounding steers. Thus, the steers of each treatment groups in this study were typical of phenotypes developed through a suckling to finishing regimen for pasture-based cowcalf suckling and weanling production system, followed by backgrounding and finishing of steers on corn silage-cracked corn based diets.
Changing EAAC1 and GLT-1 Content in LM of Developing Steers
Because of its integral physiological role and economic importance in carcass evaluation, and its presumed relationship with intramuscular adipose content, LM was studied as the model for skeletal muscle tissue. In addition to having important roles in other tissues of the body, Glu is central to many metabolic processes in skeletal muscle. For example, Glu is required for transamination of branch-chain amino acids, pivotal Table 3 ). Single RT-PCR products for EAAC1 (369 bp), GLT-1 (157 bp), GS (284 bp), and 18S (398 bp) were detected. Data are representative of 2 animals. Table 3 ). The mean M r of the predominant anti-EAAC1 immunoreactive bands ranged from 69 to 71 kDa for the low band and 88 to 91 kDa for the high band.
to the formation of ammonia, Asp, Ala, and Gln, and is the primary AA taken up by resting and active muscles (Mourtzakis and Graham, 2002) . A reduction in the capacity for plasma Glu uptake by skeletal muscle is thought to cause intracellular deficiencies of Glu, Gln, glutathione, and citric acid cycle intermediates (Hack et al., 1996; Ushmorov et al., 1999) . Reports on the identity of glutamate transporters in muscle tissue are limited. However, system X AG − activity has been reported in skeletal myocytes (Low et al., 1994) , as has EAAC1 mRNA and protein expression by rat and human skeletal muscle (Kanai and Hediger, 1992; Hediger and Welbourne, 1999) . Similarly, we found both EAAC1 mRNA and protein in developing steer LM. In addition, we also found that GLT-1 mRNA and protein were expressed at all developmental stages. In contrast, we did not detect GLAST-1 or EAAT4 mRNA or protein in LM, using the same amount of homogenate as for EAAC1 and GLT-1. Thus, EAAC1 and GLT-1 have an important role in supporting carbon and N metabolism in this skeletal muscle.
The present study also found that protein content of both EAAC1 and GLT-1 in LM decreased as the steers developed from suckling to backgrounding/finishing. Because about half of the Gln released from muscle originates from Glu taken up from the blood (Wagenmakers, 1998) , this finding may be indicative of a decreased requirement for blood-derived Glu as the steers grew. Concomitantly, the intracellular capacity of the LM may have increased as steers matured, either by glutamate dehydrogenase or ornithine transaminase activity. Overall, additional research is needed to further understand the reasons behind the inverse relationship found between increased LM mass and relatively reduced EAAC1 and GLT-1 content in muscle.
The uptake of plasma Glu, its intracellular conversion to Gln, and subsequent export of Gln to the plasma by skeletal muscle is critical to the proper functioning of intestinal epithelia and immune system (Newsholme and Parry-Billings, 1990; Hack et al., 1996) . Our consistent detection of GS mRNA, but inconsistent detection of GS protein, in LM samples indicates a relatively low GS content in LM. This low GS content in steer LM is consistent with the general understanding that although GS activity is low in mammalian skeletal muscle vs. liver tissue, the total amount of skeletal muscleexpressed GS activity is very high, as a consequence of the large total skeletal muscle mass (Kuhn et al., 1999) .
Expression of EAAC1 and GS by SF and KF Tissues of Developing Steers
Flux studies with adipose tissue have shown that adipose tissues play a significant role in whole body amino acid metabolism (Frayn et al., 1991; Kowalski et al., 1997; Patterson et al., 2002) . Subcutaneous adipose has been proven to be a net user of Glu and net producer of Gln (Frayn et al., 1991) with the metabolic capacity to be an important site for Gln synthesis in the body (Ritchie et al., 2001) . The inguinal adipose pad/adipocyte tissue of fed rats also appears to be a net user of Glu and ammonia and a producer of Gln (Kowalski and Watford, 1994) . Accordingly, these studies gave rise to the concept that the adipose tissues of normally nourished mammals absorb Glu to synthesize Gln and, therefore, contribute to whole-body nitrogen metabolism through the production of Gln and removal of ammonia from the blood. Thus, it seems reasonable to suggest that the relative contribution of adipose-synthesized Gln to whole-body N metabolism is strongly influenced by the relative activity of Glu transporters and GS (Ritchie et al., 2001) .
However, information characterizing amino acid uptake in adipose tissue in vivo is very limited. Therefore, in terms of adipose tissue utilization of blood Glu, an important finding from this study was that EAAC1 was the only system X AG − transporter expressed by SF and KF. Thus, EAAC1 function may be critical for Glu-based adipose metabolism, including the synthesis of Gln from plasma Glu. That GLT-1 protein was not detected in these tissues, but that GLT-1 mRNA was indicates that either GLT-1 was expressed in levels too low for immunoblot detection or that GLT-1 transcription and translation are controlled by discordant regulatory pathways. Alternatively, the sensitivity of GLT-1 Western blot reagents were insufficient to detect GLT-1.
To evaluate the possibility that differential expression of EAAC1 was associated with Gln production by these adipose depots, the relative expression pattern and content of GS was characterized in SF and KF. We found that expression of GS paralleled the increase in EAAC1 content from the weanling to backgrounding stage, but not during the finished stage, when GS content, but not EAAC1, was decreased. Thus, Gln formation in the younger steer is important to steer development, but by the finishing stage, assuming that increased EAAC1 content is equivalent to increased Glu uptake, the increased Glu is used for some function other than Gln formation. For example, Glu carbons could enter the TCA cycle as α-ketoglutarate to be used for fatty acid synthesis. Although speculative, the metabolic significance of this finding may be that glucose molecules are spared from oxidation to be available for glycerol synthesis to support triglyceride synthesis by oxidizing Glu instead of glucose or lactate (Smith and Prior, 1982; Smith, 1995) .
Expression of System X −
AG Transporters by Adipose Depots of Finishing Steers
The second objective of this study was to characterize the expression pattern and content of system X − AG transporters in 5 major adipose depots of finishing steers, the production stage for which all adipose tissues were consistently available. That these depots displayed differential expression of EAAC1 suggests that EAAC1 function may be linked to the metabolic differences known to exist among bovine adipose depots (Eguinoa et al., 2003; Baldwin et al., 2007) . That IF had higher EAAC1 content than KF or SF suggests a greater ability to absorb Glu to support ammonia capture and/or glucose-sparing in these tissues. Unfortunately, GS content was not compared across these adipose tissues of finishing steers.
Overall, the adipose depot data identify a high-affinity glutamate transporter for the absorption of Glu into adipose tissues and characterize the relative expression pattern and content of GS, one of possibly many enzymes responsible for adipose tissue utilization of glutamate.
However, additional research is needed to further characterize the importance of these observations to the role and extent of adipose tissue metabolism of Glu to support adipose accretion and whole-body N and energy balance in developing cattle. However, as just described above, the LM protein content of EAAC1 and GLT-1 decreased as the animal developed. In contrast, the content of these Glu transporters increased in SF and KF tissue as steers developed, suggesting that increased ammonia utilization capacity came from adipose tissue, not muscle. Consistent with this concept, up to a point, GS content increased from weanling to backgrounding steers and then decreased in finishing steers to weanling levels. This understanding suggests that the load of ammonia decreased from backgrounding to finishing steers or that the ability of adipose tissue to use ammonia decreased. Assuming that the ammonia load of finishing steers was at least as great as for backgrounding animals, the combination of decreased GS content but increased EAAC1 content suggests that more Glu would be available for Ala production (through alanine transaminase) or for oxidation. Overall, these findings indicate that the potential for Glu transport capacity increased in adipose tissue from backgrounding to finishing stages, but not in skeletal muscle.
In summary, the primary objective of this study was to determine whether the expression pattern and relative content of system X − AG transporters and GS in skeletal muscle and adipose tissues changed as beef steers developed from suckling through finishing stages. It was hypothesized that high-affinity Glu transporter content of LM and adipose tissues would increase as steer lean:adipose composition shifted to adipose. However, both EAAC1 and GLT-1 protein content decreased in skeletal muscle as steers developed, whereas EAAC1 content in SF and KF increased from weanling to backgrounding and finishing stages. When combined with the higher GS content in SK and KF at backgrounding vs. finishing, although speculative, the aggregate findings demonstrate the capacity to handle increase ammonia production as steers develop is concomitant with an increased capacity of the disproportionately accreting adipose tissue-up to the finishing phase. Unfortunately, in finishing steers, the amount of GS expression among adipose depots of finishing steers was not evaluated, so we don't know whether the disproportionately accreting OF, MF, and IF had decreased GS content, thus reduced putative capacity, as was found for SF and KF in F steers. Future research that establishes the relationship between EAAC1 and GS content and the metabolic fate of Glu in adipose depots is warranted, given the potentially large economic benefits associated with optimized IF accretion. Table  3 ). The mean M r of the predominant anti-EAAC1 immunoreactive bands ranged from 69 to 71 kDa for the low band and 88 to 91 kDa for the high band.
